APPENDI X D

METHODOLOGY FOR COVPUTI NG MARKET AND
WELFARE ADJUSTMENTS




D.1 METHODOLOGY FOR COWVPUTI NG SUPPLY EFFECTS

For the purposes of nodeling the regulatory effects in
each market, products are separated into four categories,
based on their producers’ response to the regul ation:

products slated for wthdrawal,

products on whi ch exceedance fees are paid,

products slated for refornul ation, and

products unconstrai ned by the regul ation.

The baseline (preregulatory) quantities fromthese groups
are denoted as follows: @, @, @& and @ for groups 1, 2, 3,
and 4, respectively. Total baseline market output equals the
sum of the four conponents:

Q=Q+ T+ ¢+ Q. (D.1)

Figure D-1 depicts the aggregation of these subgroups
into a market supply function. The regulation causes a shift
in the aggregate supply function depicted in Figure D1 as a
result of two phenonena: an inward supply shift due to
elimnating Goup 1 through product withdrawals (e.g., the
shift fromS° to SY), and an upward supply shift due to
i nposing per-unit fees on the products from Goup 2 (the shift
fromS! to S''). There is no supply shift emanating from



Figure D-1. Single market effects of VOC content regulation.

G oup 3 because the refornulation is assuned not to affect
mar gi nal production costs, and there is no shift fromGoup 4
because the unconstrai ned products experience no regul ati on-

i nduced change in their cost structure. So the ful

regul ation-related shift is fromS® to SY, which leads to a
new market equilibrium At the new equilibrium price rises
to P and quantity falls to Q.2

aThi s graphi cal anal ysis denpnstrates that the post-regul atory market
effects are uncertain if the analysis were to consider the possibility that
the refornul ati on process changes the margi nal cost of producing the
coating as a result of changes in material or |abor costs, for exanple.
This enpirical issue can be resolved given sufficient data on the effect of
VOC content on production costs for all affected products. Unfortunately,
these data were not available for this study, so the appropriate enpirica
anal ysis could not be conducted to draw such concl usi ons.

D2



D.2 DEMAND EFFECTS

Figure D-1 depicts a partial equilibriumview of the
short-run effect of inposing content limts in one market.
One nust al so consider the role of substitute products in
determ ning the equilibrium adjustnents, which suggests a
mul ti mar ket perspective. Figure D2 depicts the markets for
two products (A and B) that are demand substitutes. The price
of product B factors into product A's demand function and vice
versa:

Da

Ds

Da(Pas Ps) (D. 2)

Ds( Ps, Pa) - (D. 3)

Gven that A and B are substitutes inplies

*Dy/ *Pg > 0 (D. 4)

*Dy/ *Py > 0 . (D. 5)

Suppose the supply of Ais affected by the content Iimts
in the manner descri bed above, but that the supply of Bis
unaffected. This initiates a supply shift in market A from Sy
to S, Holding the initial demand function constant, this
shift would generate an equilibriumaquantity of Q" and price
of PA’. However, the associated price increase in market A
i nduces an outward shift in the demand for product B, which
rai ses the price of product B. Likewi se, the increase in B's
price leads to an outward shift in the demand for product A,
which raises its price and so on. This interaction continues
until post-regulatory equilibriumis established at (P)R, QF),

( PBRi QBR) .
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Figure D-2. Miltiple market effects of VOC regul ati ons.
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D.3 COWUTI NG CHANGES | N EQUI LI BRI UM PRI CES AND QUANTI Tl ES

The change in equilibriumprices and quantities for the
products affected by the content Iimts and their substitutes
can be nunerically conputed by adjusting the equations in the
mul ti mar ket supply and demand systemto reflect the inposition
of these limts. For each market, i, the equilibrium change
in quantity supplied of each product affected by the
regul ati ons equals the sumof the supply changes from each of
t he producer subgroups:

)Q® = )Q* +)HQF + )HQT + )HQ"Y (D. 6)

The change (from baseline) in quantity supplied by the
wi t hdrawal sector is sinply the negative of the quantity
originally supplied by that group

)Q* = - Q% (D.7)

The change in quantity supplied fromthe fee-paying
sector is specified as foll ows:

DQF = e (QFPR)DP - F) (D.8)

where e;F is the supply elasticity of the fee producers in
market i, )P, is the change in equilibriummarket price, and
other ternms are as previously defined (w thout the
subscripts). )P- F is the change in “net price” for the fee-
payi ng producers (i.e., the change in unit process |less the
unit fee).

The changes in quantity supplied fromthe refornulating
group and unconstrai ned groups, respectively, are

QR = QY P))P, (D.9)
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)QY = &%(QYP))P. (D. 10)

These producers respond to the increase in price wwth no
counteracting effect on costs. Gven the higher price in the
post-regulatory equilibrium output will increase fromthese
two groups of producers.

The aggregate change in equilibriumsupply quantity can
now be restated by conbining the preceding five equations:

)Q® = - QX+ e (QF/PR)P-F) + e QNP))P
+ e% (Q/P)DP . (D. 11)

The change in market demand for each product is given by
)QP = Ei(Q/P))P + E;(Q/P))P (D. 12)

where E; is the own-price demand el asticity for product, i and
E, is the associated cross-price denmand el asticity between
products i and j. Consuner demand theory supports the
assertion that own-price elasticities are negative and that
cross-price elasticities of substitutes are positive. To
attain equilibrium the change in quantity demanded nust equal
the change in quantity supplied in both markets:

)QP = )HQ°S (D. 13)

This provides a systemof M3 equations in M3 unknowns,
where M equal s the nunber of markets affected by the
regul ation. This can be reduced to an M2 equation system
sinply by substituting )QP = )Q® = )Q. This system can be
sol ved simul taneously to conpute the change in equilibrium
price and change in equilibriumaquantity for each market. To
do this, baseline market data, nodel paraneters (supply and
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demand el asticities), and an enpirical characterization of the
vari ous supply shocks alluded to above are needed.

D.4 COWUTI NG WVELFARE EFFECTS

Changes in the market equilibrium cause changes in
resource allocation, which, when quantified, provide neasures
of how the welfare costs of the regulation are distributed
across groups affected by the regulation. The groups focused
upon here are architectural coatings producers and consuners,
because the changes in prices and quantities directly affect
their welfare. Since fee paynents are considered, the
government sector is also included in the welfare analysis
because they collect the fee revenues. This study does not
measure the wel fare benefits of reductions in VOC em ssions, a
val ue agai nst which these costs nmay be neasured to determ ne
the net value to society of the proposed regulatory structure.

D.4.1 Ef fects on Architectural Coatings Producers

The profits earned at the new equilibriumto the profits
earned at the old equilibriumcan be conpared as a neasure of
effects of the regulation on the individual producer.
Foregone baseline profits (B° provide a neasure of the |oss
to producers that choose to exit rather than refornul ate:

)B = BR — B° = —B°, (D. 14)

For the remai ning producers, the change in profits is affected
by several factors, including the incurrence of the fixed
reformul ati on cost and any associ ated changes in price,
gquantity, and marginal cost.
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The remaining firns’ costs nmay be affected through either
the reformul ati on cost or the fee paynent. The effect of the
content limt on producers is generally not uniformand thus
rai ses sone distributional considerations. As indicated
above, shifts in the aggregate supply function will cause the
mar ket price to rise. For some producers, the benefits of the
price increase nmay outwei gh the net costs of conpliance. This
is certainly the case for producers of coatings with VOC
content bel ow the regul atory standards, because they incur no
reformul ati on costs but would gain fromthe rise in nmarket
price sparked by the conpliance costs and/or product
wi thdrawal s incurred by their conpetitors. Alternatively,
fixed refornul ation costs nay be substantial for sonme
producers, outweighing the positive price effect. The profit
effect wll be negative for those producers. Oher producers
may fall in the mdrange, where the price benefits and cost
effects essentially offset each other.

Changes in producer welfare are generally reported as
changes in producer surplus. The aggregate change in producer
surplus for the w thdrawn-product producers equals the sum of
forgone profits fromall w thdrawn products in market i:

N

)PsiX:—EI B, - (D. 15)
j-1

The j subscript indicates forgone profits fromthe j'th
product in market i. N”*is the nunber of w thdrawn products
in market i. The change in producer surplus fromthe
reformul ati ng sector can be approxi mated as foll ows:

IPS;® = )P «QF + 0.5:)QR)P - (Ry*NF). (D. 16)
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)P, is the change in equilibriumprice, )QRis the change in
equi libriumquantity fromthe reformul ati ng producers, QRis
the initial quantity of the refornulating producers, R, is the
annual i zed refornul ation costs, and NR is the nunber of
products needi ng refornul ati on.

The change in producer surplus for the fee-paying
producers is initially conputed as foll ows:

PSS = (OP-F)+(QF + )QF)-0.5)Q"()P-F). (D.17)

The first termreflects the net revenue effects of the price
rise less the fee paynent and the second termreflects changes
in deadwei ght loss. To this termwe nust add the fixed cost
(per product) associated with fee recordkeeping requirenents
so that the full welfare effect is

)PS,F = )PSF - FF « N (D. 18)

where FF is the fixed cost per product of fee recordkeeping
and N equals the nunber of products subject to the fee in
mar ket i .

Finally, the change in producer surplus for unconstrained
producers is

IPSY = )P« QY + 0.5 « )QY - )P, (D.19)

with the QU reflecting the quantity supplied by these
producers. Total (net) producer surplus effects is sinply the
sum of the terns above:

)PS; = )PS* + )PS® + PSF + )PSVY. (D. 20)
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D. 4.2 Ef fects on Architectural Coatings Consuners

Changes in consuner welfare are neasured by the change in
consuner surplus, which quantifies | osses due to a conbination
of the higher price and reduced consunption quantity. This
change can be approxi mated as fol |l ows:

)CS = -)F - (Q +)Q) + 0.5+ )R +)Q. (D. 21)

D. 4.3 Ef fects on the Gover nment Sector

The transfer of fees fromthe fee-paying producers to the
reci pient of those fees nmust be considered. For the purposes
of the welfare analysis, the governnent is identified as the
“recipient” of the fees.

)GS = F « (QF +)QN). (D. 22)

Utimately, the governnent may choose to redistribute
those fees back to affected producers or consuners or back to
ot her nenbers of society via the Treasury; however, for
pur poses of quantifying these distributional flows, they are
assigned as gains to the governnent sector.

D. 4.4 Net Welfare Effects

The net welfare effects are conputed by taking the sum of
producer, consuner, and governnent surpl us:

YW, = )PS + )CS + )GS. (D. 23)

This cal culation nets out any transfers fromone group to
another within society (e.g., transfers fromconsuners to
producers through higher prices and transfers of fee revenues
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from producers to the governnent) because these transfers do
not affect the total sum of resource costs, just how they are
distributed within society. )W, provides an estimate of the
net social costs of the regulation.
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